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1.0  INTRODUCTION 


The  Physical  Science  Laboratory  at  New  Mexico  State  Univer¬ 
sity  developed  a  conformal,  C-Band  microstrip  antenna  for  a  17.2 
inch  diameter  cylindrical  vehicle.  A  computer  program  was  written 
from  a  theoretical  study  by  Carver  and  Coffey  [1]  to  calculate 
the  patch  dimensions  and  its  driving  point  impedance.  Another 
program  was  written  based  on  an  article  published  in  Microwaves 
[2]  to  calculate  the  characteristic  impedances  and  effective 
dielectric  constants  of  the  lines  used  in  the  harness.  A  third 
program  was  developed  to  design  the  harness  and  to  document  the 
antenna.  An  antenna  was  fabricated  to  obtain  impedance  and  ra¬ 
diation  measurements. 

A  physical  description  of  the  antenna  and  the  measurements 
illustrating  its  electrical  performance  are  presented  in  the 
report . 

2.0  PHYSICAL  DESCRIPTION  OF  THE  ANTENNA 

The  Model  94.001  antenna  is  a  microstrip  array  fabricated 
from  0.062"  printed  circuit  board  (CuClad  250  by  3M) .  The  sub¬ 
strate  is  the  GX  type  teflon  impregnated  woven  fiber  glass. 

The  array  was  designed  for  a  17  inch  diameter  cylinder  and 
consists  of  three  subarrays.  Each  subarray  has  sixteen  elements 
which  are  fed  in-phase  with  a  corporate  harness  which  is  photo- 
etched  on  the  same  board  as  the  elements.  When  the  elements  are 
mounted  on  a  cylinder  they  are  connected  in-phase  with  coaxial 
cable  through  a  three-way  power  divider.  The  subarray  feeds  for 
attaching  the  coaxial  cable  are  SMA  connectors.  The  antenna 
is  shown  in  Figures  1  and  2 . 
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3.0  THE  ANTENNA  ARRAY  DEVELOPMENT 


Three  small  APL  programs  (PATCH,  EPSL  and  H94001)  were 
written  to  aid  in  the  design  of  the  radiating  element  and  the 
harness.  The  programs  PATCH  and  EPSL  were  based  on  the  publica¬ 
tions  [1]  and  [2]  respectively.  PATCH  calculates  the  resonant 
frequency  and  impedance  of  a  rectangular  element  fed  coaxially. 
EPSL  calculates  the  effective  dielectric  constant  and  the  char¬ 
acteristic  impedance  of  a  microstrip  line.  H94001  calculates 
the  harness  configuration  of  a  corporate  harness  for  a  16  element 
array  as  a  function  of  the  vehicle  diameter. 

The  calculated  dimensions  for  the  radiating  rectangular 
element  were  2.68  by  1.488  cm  at  5.71  GHz  and  a  substrate  thick¬ 
ness  of  0.152  cm.  The  dielectric  constant  used  for  the  calcula¬ 
tions  was  2.45  so  that  the  dimensions  in  terms  of  wavelengths  in 
the  dielectric  are  0.799  x  0.444  x  0.0453. 

A  schematic  of  the  harness  and  the  computer  printout  of  the 
harness  section  lengths,  widths  and  characteristic  impedances  is 
shown  in  Figure  3 .  Since  the  subarray  is  symmetric  about  the 
feed,  only  eight  of  the  sixteen  elements  are  shown  in  the  sketch. 

The  time  allotted  for  the  development  was  severely  limited. 
No  attempt  was  therefore  made  to  write  the  programs  in  the  most 
efficient  form.  The  CPU  time  for  the  calculations  was  short  and 
using  more  time  to  write  the  program  would  not  have  been  practi¬ 
cal.  The  most  questionable  parameter  in  the  calculations  was 
the  input  impedance  to  each  element  in  the  array.  The  calculated 
impedance  for  a  coaxial  feed  recessed  0.058  inches  from  the  edge 
of  the  antenna  was  75  ohms.  To  save  time,  harnesses  were  also 
calculated  for  100  and  120  ohm  input  impedances .  The  three  sub¬ 
arrays  were  fabricated  and  the  impedance  curves  were  measured. 

The  best  results  were  obtained  from  the  harness  for  which  the 
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Schematic  of  the  harness  design. 

Only  one-half  of  the  subarray  is  shown. 


calculated  75  ohm  element  impedance  was  used.  The  radiation 
patterns  for  the  planar  subarray  were  measured  and  the  results 
showed  that  the  phasing  and  power  division  obtained  with  this 
harness  were  satisfactory.  Two  additional  subarrays  were  fabri¬ 
cated  and  the  three  subarrays  were  mounted  on  a  17  inch  diameter 
cylinder  and  fed  in-phase  from  a  three-way  power  divider. 

4.0  THE  ARRAY  CHARACTERISTICS 

The  characteristics  of  the  antenna  are  best  describt  by 
impedance  and  radiation  distribution  measurements.  The  i  edance 
data  for  the  subarrays  measured  before  they  were  mounted  “-he 
cylinder  is  shown  in  Figures  4  through  6.  They  show  that  ,  the 
design  frequency  the  array  impedance  is  close  to  the  50  ohm  cal¬ 
culated  impedance.  The  bandwidth  is  approximately  600  MHz  over 
a  2:1  VSWR.  In  Figure  7  the  impedance  versus  frequency  curve  is 
shown  with  the  three  subarrays  mounted  on  the  cylinder.  The 
impedance  is  measured  at  the  end  of  a  24  inch  long  feed  cable. 
This  configuration  simulates  the  flight  configuration  and  the 
impedances  measured  are  those  seen  by  the  beacon.  The  data  shows 
that  the  antenna  is  well  matched  over  the  entire  band. 

The  radiation  patterns  are  shown  in  Figures  9  through  14. 

The  pattern  coverage  is  quite  good  except  for  narrow  nulls 
looking  directly  into  the  nose  or  the  tail  of  the  vehicle  and 
about  30°  off  axis.  The  8  =  90°  cut  shows  more  irregular  lobing 
then  one  would  expect  from  the  array.  This  is  most  likely  the 
result  of  mounting  the  antenna  on  a  sheetmetal  cylinder  rather 
then  on  a  machined  surface.  Also,  the  prototype  antenna  was  not 
truly  cylindrical  and  some  gaps  between  the  cylinder  and  the 
antenna  may  have  become  excited. 


Figure  7.  Model  94.001  (002A,B,C)  mounted  on  a  17  inch 
diameter  cylinder  and  measured  at  the  end  of 
the  24  inch  long  feed  cable. 
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Microstrip  antenna,  48  element  array  mounted 
on  a  17  inch  diameter  cylinder. 
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Figure  14.  Model  94.001  Radiation  Distribution  Pattern  (E 


5.0  CONCLUSIONS 


A  computer  aided  design  was  made  for  a  48  element  conformal 
microstrip  array.  The  harness  lengths  are  defined  in  terms  of 
element  spacing  which  is  determined  by  the  number  of  elements 
used  and  the  vehicle  diameter,  the  same  program  can  therefore  be 
used  for  a  range  of  vehicle  diameters.  An  antenna  array  was 
fabricated  and  the  antenna  performance  was  documented  by  imped¬ 
ance  and  radiation  distribution  pattern  measurements.  It  is 
believed  that  the  results  demonstrate  that  this  is  a  usable 
design. 

6.0  RECOMMENDATIONS 

The  short  time  allowed  for  the  development  did  not  permit 
the  incorporation  of  a  heat  shield  which  should  be  the  second 
phase  of  the  investigation.  It  would  be  useful  to  investigate 
two  forms  of  protection.  A  dielectric  radome  and  a  slotted 
metallic  shield.  The  radome  adaptation  should  be  uncomplicated, 
but  adding  the  metallic  shield  will  probably  require  a  major 
change  in  the  harness  configuration  since  the  transmission  lines 
should  then  be  in  the  stripline  mode. 

The  first  suggested  use  for  the  antenna  would  be  for  the 
BERT  Project. 
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Cl 53  R THE  CONSTANTS  ARE } 

C163  'ENTER  EPSILAM' 

Cl  73 

Cl 83  T+Q. 003556  a  conductor  thickness  <cm> 

Cl  93  ' ENTER  SUBSTR.  THXCkNES  IN  INCHES' 

C203  H I  NCH*-Q 
C213  HfHlNCHxg. 54 

C223  **5335000000  a  frequency  .'hzy 

C233  HU<-04E“Q  (|PERMAB  I  L  I  TY  r  HENRY /CM} 

C£43  £X9+5$0010  a conductivity  of  coffer  <mho/cm> 

C253  ltan«u0. 002 

C£63  LRM^goog 0000000**  ^wauelength  (Ch> 

C£73  *  ' 

Cc83  a™*  range  of  the  line  width 
C£?3  n*0.05**£3  a  line  width  rCM> 

C  ?  03  Wl4-W4-£.S4  „  LINE  WIDTH  (INCHES} 

C  3 13  •  ' 

r?£3  A  the  effective  line  width 

C333  Rrw-h 

C343  zrr4*/»<o0.5 

C353  RSi^iRf**  aM/w<i/£<pi> 

C363  FL^IR^R  ^ W/H > J/£  r  F I } 

C373  efs^-rs  1  ♦  ,  T-oW)  X  €  1  +«o4 xRf  1  x  w-t> 

C383  erl+rl*  t-oh>  x  f  \  4-r£xh-.t> 

C393  ER4.CRS.ERL  pWC/H  THE  RATIO  OF  THE  EFF.  L.W.  TO  SUBSTR.  TMICKN, 

C403  ‘  ■ 

C413  A T*E  EFFECTIVE  DIELECTRIC  CONSTANT 

C4£3  IE*+.'ERil 

C433  CSR4.ICtCR  ^  WE  /M  <  i 
C443  ELR4.IE.1ER  pWE/H >  1 

C453  EFS4.  r /!»♦!  >  ♦  <  <D—  i >  4-£>  x  <  <  »  1  ^2  2-rESR}  *~fl.  5>  ♦  1  0.  04*  <  1  -ESRY  *£ ;. 

C463  EFL4.  (  <D4- 1  >  4-c*>  ♦  <  <  D- 1 }  X  <  1  ♦  1  2* ELR)  At*  0 .  5 
C47J  EF4.EFS.EFL 

C483  *  * 

1491  A THE  CHARACTERISTIC  IMPEDANCE 

C503  2as4.<6O*CFS*0.5>**«r<84-*sR>*O.25xcsR}  „  for  we/h<i 

C31 3  zol^.  .o1c'0>^cflf0. 5>-'.clr+i. 3934-0. 667«*<elR4*1. 444>  >  a  *op  we  h>i 
C5£3  204.20s,  sol 

C533  '  * 


[543  A  CDNDUCTOP  LQfS 

C553  ft  EP  I S  HE  ,  W  FOR  ALL  VALUES  OF  W 
[593  *eps  15  he/h  for  we 
C57]  IC-+  ERL. a 

C5.*r0  ERM*»  ICfEPL  *  l  /£  .  F  I  .  •:  ME  ,-  M  <  £ 

[5*=»]  ER<5*- I  C  J  EPL  a  ME  .  H  >  £ 

t*  01  *»E 5  I  *  #  C'FvHU-S  I  ©>  *0.  5 

C*13  F^l-.Ef*-4.^ 

[*£J  1  ♦  •  -ERS>  ♦  (?OW*)  X  *:  '  iC^xEPSxH-T)  +TrEFSxH> 

[£  33  E’M-“  1  +  '  -EPM>  +  r  -OEPM-.  X  <  CigxMHyMiT>  ♦T-ERMXM) 

Ct  43  C*<?+  1  ♦  .  -ERG>  ♦  < -rOEPG>  v  ✓'  <ft£xEMxH*T>  ♦TtEECxH) 

[65]  *SEFARATE  THE  CHAPACTERI  STIC  IMPEDANCE  VALUES 

[66]  pXWTO  THE  APPROPRIATE  RANGES 

[673  zs-tr*tza  *  we,  h<  £  <pi> 

Ct-5-3  SH^ICflPiZO  A  I/£^I>  <  WE/N  x  £ 
t*?3  Z-?-ICiXPiZD  *  ME-H  >  £ 

[703  A  CONDUCTOR  LOSS  FOP  ME/M  <  J  /£  <  F  I  > 
tri  3  HLFHS*.£.  ^§VPES1X  .  IPtF>  xRSrO£x2SxH 
[7£]  ^CONDUCTOR  LOSS  FOR  |/£(PX><  HE/H  s£ 

[733  ALF  HM*.ft  %  ^.ftxPES  J  v  .  Z Cf  I  R4F>  X®M-s.©£xZMxM 

[743  CONDUCTOR  LOSS  FOR  WE/H>£ 

[753  COEF*-ft,  jj.gxRES  J  VDC-ZGxH 

[763  SCND*.  .  ERG+  •  £-0  1  "•  /•  «  C'c'X*  1  X  <  <ER«-j*£>  ♦©.  94>  >  >  *£ 

[773  thpd^erg*  »  <CR®-oi>  •*-  <  <«w®+g>  ♦»).  94>  > 

[793  ALFHG^CQEF  yTHRC-SCNO 

[793  ALFHfcALFHSt  ALFHM, ALPHG 

C80J  •  • 

[91 3  * DIELECTRIC  LOSS  ASSUMING  ZERO  CONDUCT | V I TY 

[9£3  DLOSSf  '£7.  3xDv  .EF-p  XLTAN)  -?■  (EF^I),  5>  X  V®-1)  XLAM 


CSJ] 

■*ENGv  ,  Us  J 

c*4] 

1 0PQTCNL 

CS53 

'EFFECTIVE  LINE  MIDTH  VS  LINE  WIDTH* 

CS61 

100  100  PLOT  i*  WvH)  VS  M 

1*7] 

• 

HIDTH 

(CM)  • 

C3?3 

1 OpOtcnl 

139] 

'EFFECTIVE  DIELECTRIC  CONSTANT  VS  LINE  HIDTH' 

C90] 

100  100  flot  Er  « 

r?n 

• 

MI  DTH 

(CM)  • 

C*£l 

1 0PQTCNL 

C9?] 

'CHARACTERISTIC  IMPEDANCE 

VS  LINE  MI DTH • 

C?4] 

100  100  flot  zo  vs  m 

C9?  7 

• 

WIDTH 

(  CM  >  • 

C9*  ] 

1 OpQTcnl 

c?7] 

* CONDUCTOR  LOSS  VS  LINE  M  2  PTH • 

[991 

100  100  flot  alfh  vs  m 

[991 

* 

HIDTH 

•  CM'.  • 

Cl  00] 

1 0PQTCNL 

non 

•DIELECTRIC  LOSS  VS  LINE 

WIDTH* 

Cl  0S3 

100  100  flot  dloss  vs  w 

Cl  051 

• 

WIDTH 

.CM’.  • 

Cl  041 

1 OPQTCNL 

Cl  051 

•TOTAL  LOSS  VS  LINE  HIDTH* 

CIO*] 

1  00  1  00  FLOT  i  ALRM+DLOSS'I 

VS  W 

non 

• 

WIDTH 

.  CM  ,  • 

non 

1  OPQTCNL. 

C  1  09] 

•EFFECTIVE  LINE  HIDTH  TO 

substrate 

RATIO  VS 

r  i  l  o] 

100  100  PLDT  SR  w 

A-4 


LINE  HltiTH' 


[Ill]  '  WIDTH  , CM i ' 

Cl  12]  •  ' 

Cl  13J  +0 

Cl  14]  ENGS  1 0POTCNL 

C115]  'EFFECTIVE  DIELECTRIC  CONSTANT  VS  LINE  WIDTH' 

Cl  16]  100  100  PLOT  EE  VS  HI 

Cl  1?]  '  LINE  WIDTH  ,  INCHES.  ' 

Cl  18]  1 OPQTCNL. 

C118]  1 CHMRRCTER I  ST I C  2  MFEDAHCE  VS  CINE  WIDTH’ 

C120]  100  100  elqt  2D  vs  wx 

C121]  1  LINE  WIDTH  . INCHES' ■ 

Cl £2]  10POTCNL 

C123]  1  EFFECTIVE  LINE  WIDTH  TO  SUDETRRTE  PPTIO  VS  LINE  WIDTH’ 

Cl 24]  100  100  PLOT  EP  VS  HI 

C123]  1  LINE  WIDTH  . INCHE 

Cl 26]  10P0TCNL 

Cl  27]  'WHL-ELENGTH  (-’S  LINE  WIDTH’ 

Cl 28]  100  100  PLOT ,L«M-£. 54xEF*0. 5>  ‘-'s  wi 

C129]  '  LINE  WIDTH  .INCHES;.’ 

<7 


V  HC.4 001 5  l 1  5  L£; L35  C4 5  l*,;  l*;  L75  l.$;  l*5  l  1  0« »- 11 5  L 1  c‘5 L 1 35  l  1 4 5  *- 1 5 

Cl]  A  CALCULATE  THE  HAffNEfS  FOP  A  It.  ELEHCNT  JUIAWAY 

Cel  A  three  AUBAARAY S  ARE  USED  RDR  \?m£  INCH  BZAHCTKF  VEHICLE 

C33  rn  CONSTANT s 

[43  jutm+q. 068 

[51  ***«■£.  47 

Ct*]  0*17.2  A  '-’EHICLE  DIA.  .INCHES. 

C7]  **>?.  71  A  ^WBUCNCY  I  «HZ> 

CS1  75  37. 5  75  75  1 06.  75  37 

C91  e-  1.977  3.117  1.377  1.377  1.31  1.377  1.347 

CIO]  *- w*.  0.  03339339393333333  0.364  0.08699999999999999  0.08699999999999999  0.04 
1  0. 08699999999999999  0. 065 

C 1 1 3  1.803+r*‘**O.  3  a  effective  wavelength  <  inchest 

Cl  3]  W*M1.S03-F  *  WAVELENGTH  IN  AIR  (INCHES^ 

ri5i  c>c.t 

[14]  NM*.£v[C-W«  4  INTEE.AL  NUMICIV  OF  M.LFWftVKLENSTM  X N  THE  C X .CUMTE.ENCE 

[15]  SC-18  .  NUMBER  OF  ELEMENTS  PER  SUM.WY 

[)i]  SP-C-JxSE  4  SPRCINS  BETWEEN  ELEMENTS  CENTERS  (INCHES'. 

[17]  eN*o.4454;<ii.g:03-F:<EFS*o.3 

c  1  S3  EW*(|.§vll.8O3.i.FxEFS*0.5  .  ELEMENT  WIDTH  (INCHES) 

[1'4]  GW-SP-EW  .  GRP  BETWEEN  ELEMENTS  (INCHES) 

[30]  SPH-SP-W  4  SEVEN  ELEMENT  SECTOR 

[31  ]  EWH.EW-U  4  SEVEN  ELEMENT  (/ECTOR 

[33]  GHW-EW-W  4  SEVEN  ELEMENT  (/ECTOR 

[33]  'ENTER  1  TO  SUPPRESS  PRRRM,  PRINT' 

[34]  *-Q 

[35]  LBL; 'ENTER  SPACING  BETWEEN  LINES  (IN)  • 

C£6]  U1*D 

[37]  U.(  ((LW[1].LW(£])4£>4.U1  [1]>  ,  <  •  <LW  [3]  +LW  [4]  )  -£>  +U 1  [£]  )  .  <  (  (  LW  [4]  +LW  [8]  n£)  *u 

t  [33  > 

<■£83  a 

[331  'ENTER  LEG  L.  IN  NAVEL, • 

[303  h*-0 

C  ?■  1 3  ►[£  3  43<w*t£  3  43-0.  £5 

[33]  4  TWO  ELEMENTS 

[333  ™1  p0. £818  a  in  radians 

[34]  CI1«  [1]  ,  (iPN(l]-3)  ,  (SPW  [1]  4-8) 

[353  M-  3  3  P  1  1  1  0  .<£othi),  1  001 
[363  ='m<.c«b« 

C373  M«-s«Ct3 

C  383  i-£*sm[3] 

C393  U3.SM[3] 

[403  a 

[41]  4  POUR  ELEMENTS 

[43]  TH3*c,0.35 

[4  33  L4».u[i]-w[3] 

[44]  L7.ii,  35  4POR  w[3] 

[453  CM1..P  [£]-L4>.  •  SPW [3]  -  35;.w (33 -w [3] > 

[46]  Ml*  £  £  f>  1  1  1  . 'cOTHg;. 

[47]  SMI  «-CM10Ml 

[483  ‘-5-SMi  [i ] 

[48]  LtvSMj [£] 

[503  A 

[513  A  eight  elements 
[5£3  th3*tm3 

[5  33  I-8*-  ■  •  L(f.-<  w  [3]  1  C.TM3)  .u  [£'3  >  -«  [43 

[54]  l n.0.35  4  for  w [5] 

[553  *"£*■•►  [33-1-8),  .  .  £  <spw  [4]  > -l  1 1  :,w  [5] -w  [4]  . 

[563  M3— m  i 

[573  SM3-CM30M3 

[583  L8-SM3 [ 1 ] 

[593  l  1  (t— sm£  [3] 

[6  03  A 

[813  4  SIXTEEN  ELEMENTS 

[8£3  TH4-TW3 


A— 6 


£6  3:  *- 1  £*■  <  •  i- 1  O*  «  £43  *  1  oth£>  +Li  C  3 3  >  -w  £63 

£643  n  fof  w[?] 

£651  CM3*.,*.  [4]-i-l£>.  •  •  4  *  spm  [4  ]  )  -L 1 3  *w  [  ?]  -  w  [g  ]  > 

£663  M3*-Ml 
Cg.?]  fm3*-cm3bm3 

£681  *-l  3*-SM3£13 

[693  I-14+SM3C2] 

[70]  >->-*->- 1 •  L2jL.3, 1-4. i_5. Lg.L?. i_g, ln, i_i  i . i-l£, i-l  3, 1-14,1.15  ^length  in  teoms  of 

MAVCLEN9HTS 

[71]  .»LBLlx.x=l 
[783  Qtcnl 

[733  'LEGS  IN  TEAMS  OF  EFFECTIVE  WAVELENGTH • 

[743  +,'L1,L£,L3 

[753  ♦/L4,l5,l£,l7 

[763  +■  Lft,L9,LlCl,Lll 

[773  ♦'<-1£>‘-13,li4.li3 

[783  WBL 1  I L  Z 1 FLL [ 1  2  33  XW [ 1 ] 

[793  wi£*.LL[4  3  63  x«  [£3 

[803  l  I  3*-ll  [7]  xm  [3] 

[81]  L I  4fll  [3  3  1  0]  xw  [4] 

[££3  w!5*.ll  [l  13  xw  [53 

[833  i-igF-LLiia  13  143*w[63 

[34]  LI?*LL[15]XM[7] 

[853  LI4.I1 ,LI2,LI3,LI4,LI5,LI6,LI? 

[863  Otcnl 

[873  *l»L2x,x*i 

[883  paammeteas • 

[89]  DM2*-  6  16  p'SUBSTA.  THICK.  DIELEC.  CONST.  ELEH.  H.  ELEM.  W. 

DIAMETEA  FFECUENCY 

[903  OM3*.  6  1  pSUTM,  EPS,  EH,  EW,  D.F 

[913  1 16*1  •  F6.  3 1  0^t<qm£;dm3> 

[9£3  Otcnl 

[93]  OM4*.  3  21  p'ele.sp.  .inches:.  gap  .inches.  ele.  sp.  . wavel.  aim 

i  • 

T94]  DM-;*.  3  1  pSP.GH,  (fP-HA-l 

[953  '£1*1*F6.3'  0'r«T<DM4sOMF!) 

[963  otcnl 

[97]  OMg*.  3  n  p'CMAA.  IMP  EFF.  DIEL.  LINEWIDTH 

[98]  LDL2IOM7*.  3  ?  pz, e.lw 

[993  '  ll'M»F10.3»6<F8.3>  '  0FMT .OMgjoM?) 

[1003  DM8*.  1  31  p  1  NO  LENGTH  f  1)  LENGTH.W)  WIDTH  ZD' 

[1013  "*•  £  7  P»-w,z 

[1 0£3  OM92*-  13  2  p<6fm[;  13)  ,  r6pM[;fil>  »«[;33»  <68«[«43  )  *”[5  53  »  <6P«[563  )  * '”[»73  ' 

[1  033  DM9*.  rg  3  15  p  . 13)  ,LI  ,LL)  ,  OM92 

[1043  2P0TCNL 

[1053  '£P1*x2* 10M1* 1 0*1. 6*1* *3*3*1 '  0FMT<oM8> 

[1063  '  »£*F8.3«F1  O.  3*F1  0.  3**3, *3*  0f«t.dm9> 

[1073  otcnl 

[1083  'MAFNESS  WIDTH’ 

[1093  1-1  [13  +  .LI  [23X10THD+LI  [4]+n  [83+>-i  [  1  £3 - •  *- 1  £63 x1oth2;. *-li  [  1 03 x l o th£ 

£1103  SS1*.LI  [U-kli  [£3 xioTHi;.  +li  [43-<>-J  [63x10TM2»+lw[3]-2 
£1113  ss2*-ssi  +  <»-M  £33 -£)*■!- 1  £83-‘<-i  £1  03 >1oth2> +lw [3] -2 
[ 1 1 £3  s*3p*s£+  <lw [5] -2>  +li [1£]-<li [143 x1otm2) +lw [?] -2 

£1133  otcnl 

£1143  'SPACING  BETWEEN  LINE  EDGE  AND  ELEMENT  PATCH' 

[1153  MM*.  1  ££  P'LINE  7  LINE  11  LINE  15' 

£1163  ss*.  1  3  PSS1.SS2.SS3 

£1173  ,*5,?Mi,x3,g«l**2,7Mi  •  []fmt.mm) 

£1183  1  3F1  0.  3 1  0F«T'**> 

£1193  £pOTcnl 
£1  £03  -»LBLX.X»1 
£  1  £  1 3  -*0 
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